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ж. я] # £ zr 38 P si Corythucha ciliata ж Ẹ kk: ë, ЕЖ Ж Platanus 3 2) 63 SRM = 
X ARK S & 3⁄2 45 1 ИЯ ФЖС 28- Ó) ( . KAR, 1 3 S Ж RAE Hl SZ и 
sete, [5726] Humina HiSeq™ 4000 3; 8 3E in| ALA 4 K A A P) 55 WE k fik A t 
45 3 ALIN ДОҒАНЫҢ ДУ HR ETT Ж 4018 8; SP Ө-Т; LT KAY REF PCR ( qPCR) 225,207 OBP 
ЖАЖА А ҚИЯ PM k ik t. [AR] NERO OE Odo x fh A 6 
AE gb 85 3F 32 28 20] Ж, ЕЖЕЛ 40. 87 Gb clean reads, &-4£ gp 89 FR 2] K Ж EJ ik 8] 6.31 Gb. $e Zn 3 
FEDHA Н 26 NEM КУ MP OBP RA, 3028 Ж P 24 4(CcilOBP] 224) É + 
Classic ОВР , CcilOBP25/26 Æ + Plus-C OBPs; 5 3-38 A Hii k 8 X ОВ» RRR ADMA, K 
26 CcilOBPs JE X Ik i—i, Җ 5 X46 ЕМЕН, Ж OBPs ЖБЖ. qPCR 2 Жз, 11 + 
OBP X E] EMER К fk Рр AGE GE X HLA, PAO A OBP XQ CoilOBPS/6/9/10/17/18/21/ 
24/25) EHER Ж fih AP BA RGA, A 2 А OBP KA ( CeilOBP14/16 ) £ ñ x, Ж fk AP d 
ik. [ZE] ARRET AKG МОКА “лб 25 @- 28- ó) ЖО) 18 8: , АЯ — 
KE k qe Dk Y ERA Ph k БА Л 
ха: EAR GU. MARA; бй Mp; TRACHEA; SB RAE PCR 
HAAS: 0966 ХЫ; A MBAS : 0454-6296(2018)10-1121-11 
Identification of odorant binding protein genes in antennae of Corythucha 
ciliata (Hemiptera: Tingidae) 
YANG Hai-Bo, HU Zhen-Jie, LI Ding-Xu, ZHU Pin-Hong, DONG Jun-Feng“ ( Forestry College, Henan 
University of Science and Technology, Luoyang, Henan 471000, China) 
Abstract: [Aim] The sycamore lace bug, Corythucha ciliata (Hemiptera; Tingidae), is an invasive 
and specific forestry pest of Platanus spp. The objective of this study is to obtain the gene information of 
odorant binding proteins (OBPs) in C. ciliata antennae and to seek effective olfactory molecular targets 
for pest control. [Methods] The antennal transcriptomes of male and female adults of C. ciliata were 
sequenced using Illumina HiSeq™ 4000 platform and subjected to bioinformatics analysis. The expression 
patterns of OBP genes in female and male antennae of C. ciliata adults were analyzed by real-time 
quantitative PCR (qPCR). [Results] In total, 40.87 Gb clean reads were obtained from six samples of 
male and female antennal transcripts of C. ciliata adults, the sequences of all of the samples are more 
than 6.31 Gb in length. By further screening and identification, we obtained 26 putative OBP genes from 
C. ciliata, whose encoded proteins correspond to 24 Classic OBPs ( CcilOBPI -24) and 2 Plus-C OBPs 
( CcilOBP25/26). Phylogenetic analysis of OBPs from C. ciliata ( CcilOBPs) and other closely related 


Hemiptera species revealed that most CcilOBPs form a unique cluster, and a few form ortholog groups 
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with OBPs from other hemipterous insects. qPCR analysis showed that Шеге were significant differences іп 


the expression levels of 11 OBP genes in the antennae of male and female adults, including 9 OBP genes 
( CcilOBP5/6/9/10/17/18/21/24/25 ) highly expressed in the male antennae, and 2 OBP genes 
(СейОВР14/16) highly expressed in the female antennae. [ Conclusion] This study acquired the 


molecular information of OBP genes from C. ciliata adult antennae. The results provide valuable basic 


data and candidate molecular targets for biological control of C. ciliata. 


Key words; Corythucha ciliata; antennal transcriptome; high-throughput sequencing; odorant binding 


protein; real-time quantitative PCR 





IN 


ES ATT МІ Corythucha ciliata (Say ) Jg ` 
38 FH К ЕЕ, УРЛ EEG di, ER SE Ж Ж 
JE Platanus ЕҢ, — PR22422 Р. occidentalis , — 
ЖЫР Р. acerifolia All = PREAH P. orientalis, 
VASE HE BE DA PR Т BR R E E ВТЕ TRE ЈЕ, 
s HARRE £ ТАЛА BEJA (Prado, 1990) , S Be 9k s: py 
Ж Н h mm We BL J YS. МАН BET 
( Maceljski, 1986; Halbert and Meekef, 1998; Oszi et 
al., 2006) ЕЗ ІН be] ЖАСТЫ Se WL, de WT BE A 
Bh ЖЩ s n] T WM EE ASE ИЙ, ІН A SS TE BS ЕЛІ 
ЖИДЕ ( Arezki et al., 2015); FS ATT р 
ES FIUSSHP RB, БН тт LE CH EG 22 ШЕ ( Maceljski , 
1986; Prado, 1990; Picker and Griffiths, 2015), Н 
AY dut EL 8/7 12 45 26 IMA ЭН 
FETED BASH EICI, 2007; 0 RE, 
2010; Æ EKR, 2014; Yang et al., 2017; TT 
4%, 2017) , 2007 ЕИ Jy CO RRA 388 9] 
ЖЕ A, * ЖОЧУ fs ФЕН ЖЕ ЖА” (СЕЛЕН, 
2008). НУТ Э р ds E Z Kk И FK 
20. (ARH T ЕЗ ЕТЕТІН ЖИЕ ЕТ 
ФРЖ Е, EE AR 2 AI ORT AES feb Be es VU 
KZE Ж (Halbert and Meekef, 1998) , ІН 
Dy SESUE mH prz PE( Ószi et al., 2006) „|А, iÉ 
Tia JF ЕН Ж REIHE BEBO BH BOR o 

RERAN BE Ha BJ AE TE RTL 25 fi 22 2 8 94 ( Field 
et al., 2000) , EE fe ШАИР PRI PE Z: PE 4k, 
BR SÉ EE 1У/ SHOTS HE FE ON D Br 
BRE MEIT >J (Breer et al., 1994; Field et al., 
2000; Benton et al., 2009; Kaissling, 2009) , ЕШ 
VU CAE У Be 9] Z p GE НЕН, ӨЗ CER 
£18 Н (odorant binding proteins, OBPs) , 127% AŠ 
AE AH (chemosensory proteins, CSPs) , ^& IR > (Ж 
(odorant receptors, ORs) , 27  #! 52 {Ж (ionotropic 
receptors, IRs ) , Æ Ж ОЖ MB ( odorant degrading 
enzymes, ODEs ) ЯП %& df £5 76 Jë f НІ ( sensory 




































































neuron membrane proteins, SNMPs) ( Leal, 2013; 
Pelosi et al., 2014) , ӨЛ A ATE E Н 1 ТЕ C2 
HIJE S- yú # A ( Niemann-Pick type C2 protein, 
NPC2) AA i ТЕН V] RS 20 ВЕ (Zhu ег al., 
2018), Hip ОВР» 5 — 6/7) (24135 ~ 220 
TAER) RET AEEA ГЕ F Es rh fü ff 
WERP. SPAT APE E Ht OBPs БЕ 51) H DL PE BE 
(КИН 22 ОВР 5566 4 E ECR sy B 2E k: SCR 
(Cys) Ж dE, Ел 3 ТЖ X — Hü BE fa xE OH Zh М 
(Zhou, 2010), ЖЖ Cys ЖЕНЕ, OBPs £ 
Фар 5 БӨЛІ, Ze J. OBPs( Classic OBPs) (43 
6 RST Cys 26) .Minus-C OBPs (kbi 2 “C2” 
ЖІ 5 “C5” fiz Cys) ,Plus-C ОВР5( ЖП 2 4+ Cys 
ЖИЕ 6 {у Cys “Сб” л БЕЯ 1 AARP”) Z 
ЖЕЙК ОВР» (dimer ОВР») (A PY ZH“ 2234 ОВР» >É 
DEIR ) ANE HY OBPs( atypical OBPs) (55 
9 ~10 4 Cys ЖЭБ ЕН AR K AY) Еп) (Zhou et al., 
2004; Xu et al., 2009; Zhou, 2010; Leal, 2013; 
Tsitsanou et al., 2013), TE SH F|. W $ E] 2 Eb, H 
aR Classic ОВР» ¿kh У TE fri EL ж ат ЖЕ 
(pheromone binding protein, PBP) , ЖИА 
FJ (general odorant binding protein, СОВР) ЖІЛІГІ 24 
AEH (antennal binding protein, ABPx)3 2; PBPs 
X41) PBP1, PBP2 ЯП PBPs; СОВР» Х.У у GOBPI 
ЖІ GOBP2 ; ABPx ЧУ ZC EDI Es МЕ, BRAS EE BE 
(Li et al., 2015), ОВР» Ye E fEZi A К 
PEZO ‚ей Н ETT A ETN E YF BB GAS a I 
SE TRES 638428 Jš JR] ВЫ, n LG AIK Д 985 — 2 ( Vogt 
et al., 1991), ІЗІ, OBPs ТЕН, He IR qr TR n] n A PE 
ЖЕТЕЛІ. ХАНЫҢ ОВР» ЖАНУ Ye E n] 29 ЖШ у 
ТЕТЕ A TIRE e 

H nj 26 H Eb HL OBPs УЛЖАН ië £|: >J 
Е, ДИЛ ЕЛЕНЕ Apolygus lucorum PRIM 
38 4- OBPs (Hua et al., 2012; Ji et al., 2013; Yuan 
et al., 2015), Pi É Lygus lineolaris PR 
















































































10 ji POSTERS REA Zr 98 pa] f 











ІҢ er E ET AED ЕЕ 1123 

















Ж 32 4- OBPs (Hull et al., 2014) , TE Ë a Н 
Adelphocoris lineolatus "PE 14 7+ OBPs (Gu et al., 
2011) , E p ER Ei s Adelphocoris suturalis P & FR 16 
+ ОВР» (Cui et al., 2016), f H 25 $ A 6 
Pachypeltis micranthus P 22341,9 ЛУ OBPs (Liu et al., 
2017) , TE EUR SR Pi ЁЁ Cyrtorhinus lividipennis PRIM 
10 ^ OBPs ( Wang et al., 2017) ; Æ B.^E S rH df ve 
Rhodnius prolixus ГВ AE 17 A^ OBPs( Oliveira et al., 
2017) ; Xf Ж E AK LEK) ОВР» tL HET ТЖ MEAE 
(Zhou JJ et al., 2010; Sun et al., 2012; Gu et al., 
2013; He and Не, 2014; Zhou SS et al., 2014; Zhao 
et al., 2017) „ XJ tg LC TH KE A ШЕЕ RU 
HR (Li et al., 2016) , TE (2017 ) Ж ЖО 
Wie ЕЕ ЛЕН CSPI md NR TASA BUS E 
TERVISETT ТАЙТ, ЭЙ СӘРІ 5; -B-A а 
EAR LEGES ALN ftt e ЖК? A 71 ЯЙ МЕУ | 8] 18 
BTE, 

H ij 49 ÀK r р ОВР» E DS] fei L Ж, 
ЙН , KRAH lumina Hiseq"" 4000 БН EMF 
ТЖ K Е pR. E ШЕТТЕ аА ИУ, 
ЕЁ ЛЕЗК fS 2 Б жк À r 388 od ЖЕ 
OBPs AED fa IF HUA J h BJ ОВР» 2£ [8] GE 
тИ УЯТ, D eR A А Pe ll ЖОЖ 
Жш ЕНИ Ж 






































1 BST 


11 (fit be 

ЖЖМ А inj р ТЕ EH IRE p BOER 
pd Pg BERS AR E Va Ip ЖРА EET АСТАН 
P feia] 25 x 1°C , FANT ME BE 60% + 1096 , HE Jal Jl 
16L: 8D ZF FP RSS ANT И ЗЕ 1 КЛР 329, 
HECHE 3 d ak ae Bu BJ MEME E Oy o FH E , 391] 
ЕДЕ pk: E f fA УЧ P JE vr. ИПК A W АН, E 
500 XJ fg fa y 1 AS E MERE З ЕРЕШЕ. 
1.2 & КМА ЗЕҢ ӘЛІ 

Ж RNAiso™ РАН @; 4? 9] 1.1 3/5 
Вл AE, RNA, 1% ОЗОН E ЖУА. RNA Jo 
ERM; 4 3] FH] NanoDrop 2000 (IMPLEN, СА, X 
EJ) ‚Очы: 2. 0 (Life Technologies, CA, |) ЖІ 
Agilent 2100 ( Agilent Technologies, CA, 3& [e] ) Ж 
А КМА FF fi HY A28 HE THER ESETE 
1.3 cDNA ЖЕ} ЕЕ 

Sc Pe REE FY NEBNext 9 Ultra" RNA Library 





Prep Kit (NEB, RE) RAET. Fur E E, 
RNA Жит, Ht Oligo (dT) AY HEE XT mRNA ETT 
BE AAI A fragmentation buffer # mRNA ЕТІН 
БИТЕЛ, mRNA Ay He AIR EU Fs SC PE , ХЕ 
Ja KH Qubit 2.0, Agilent 2100 ЖІ qPCR Jy Xr 
МЕЖЕ, DRIES EME Eo ЖТ] Шишіпа HISeq™ 
4000 WFF AHT, cDNA. СНЖЕ ATU FF 
mb E AE BR A BR n) SE pÀ. 
1.4 RARE MA 

ХАНИ РДЕ 31 А9 raw reads Ait Je Tni BE Sk , Ploy-N 
ЖИ Лин EO 18. clean reads, [8] Н Xf 030 (clean 
data Ji [Ë X T AEF 30 FY Bal BE EL Bil) #I GC @ н 
JE ZF NIKE EAT ITE. RH Trinity Xf clean 
reads ЖТ БЕН АНЫН LAL BJ unigenes, ЖШ 
REREH , ATE FEM EE ih ЖА ЭР8 09 r 
СІН ӘЛІ EREE) Д8 BT EP To 
1.5 Unigene BJIJ SE TEE 

fii] BLAST ЖҰЛУ unigene ЕЛІҢ FF) BYE EE 
ЊТ, BLAST EL XT EM (EA E-value < le -5 , 34538 [A] 
MORE RMA. АЕ A : NCBI ЛЕН ЖЛЕ 
( NCBI non-redundant protein sequences, Nr) ; ЕҢ A 
(protein family, Pfam) ; AME ЖАНАР ZE РЕ 
( clusters of orthologous groups of proteins, KOG/ 
COG) ; Swiss-Prot 4 Ж РЕ (a manually annotated and 
reviewed protein sequence database ) ; ЖЕР 
НА ARAE (KEGG ortholog database, КО); ЕЗ 
AK (Gene Ontology, GO), 
1.6 OBP X#E] AT 

HR EE PEAR 4 BS ЖК 7 27 388 И] oe pe ОВР 24, 
ЖЕЙДЕ, ТЕ NCBI ЖЕ Pg EAT ДЕЛ A ALL EE BLAST 
ЕХ, HIRE ЗЕ FE P EF AE AFER 
П DL AK H Eb ОВР ЕЗ A AE RR ДЕЎ, E 
NCBI E BLAST ЖЯ]? Ж, Zi f Xu 5 (2009) ЖІ 
Zhou (2010) ЕМЕ 2E dH Н Classic ОВР» ЯП 
Plus-C ОВР» 242 A FF Jg I , ЕН A 75 ЭЙ D s 
OBP Æ, fii fj MEGA 7. 0 0 45 ( neighbor- 
joining method) , РД bootstrap = 1 000 J £& JE ERU , fii 
ЛІ FigTree v. 1. 4. 3 KAE XT E (UBI ETT 24 48: ; f H 
ORF Finder ( http: // www. ncbi. nlm. nih. gov/ 
orffinder/) 524% ОВР EDS BS ІЛЕ (ORF) ; fi 
JH Expasy (http: //web. expasy. org /protparam /) 
ЖІ SignalP (http; //www. cbs. dtu. dk /services / 
SignalP /) АЛАЧ ЕВ, к A T Br A ә ЛА 
BEAT AY HT ЛУ DNAMAN 7.0 ИХТИ. 
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17 HARAKEKE MH 

DADE ИЗ ІНІ ae 28 Е] ВЕУ 
mh) clean reads {Е 2:2 JF 7] F Ë mapping, fii JH 
RSEM( Li and Dewey, 2011 ) 48.2IJ Ж Еп АЕ 
АНЯ ЕНУ read count, ЖАНТ FPKM (fragments 
per kilobase of transcript per million fragments 
sequenced ) 12 ( Trapnell et al., 2010) , Т6 
уж XA TIF 

ЖЇН qPCR Ж CcilOBPs ZE ME HE Jr fh f r f 
Akt, ИН 1.2 TRE иШ BATIK (Trizol 12) H| 4 
qPCR НА E mo KIGE PCR Jor ie ese PES | 
Yj HH Primer-BLAST ( https; // www. ncbi. nlm. nih. 











gov/tools/primer-blast/ ) 17 i Tl (Æ 1) , LA. B-actin 
(GenBank 2 =: KX108734) HW & dk pj, PCR 
EUN TE Ж 10” ЗҮВВ” Green Supermix 10 uL, IER 
HEI (10 pmol/L) & 1 pl, cDNA KAR 1 pL, 
ddH,O 7 uL, PCR FEE 95°C fli ze HE 10 min; 
95°C REPE 30 s, 55°C iB OF SETH 30 в, 40 IEF BE 
FATE 65 ~ 95°С Е lH Өт, BET FE n BEAT З 
KER, RMR ЖЖ Ct (E, RA 270 EAE 
HXT IK а ( Livak and Schmittgen, 2001) „ 

JH SPSS 20. 0 (IBM , E s] ) Е Н PRAE AE Ж 
Fra) PE fg 8 P Bj e Ser (mean + SE) HETAN Ж Jr 
FE} Mt ( One-way ANOVA) , ЖАНТ LSD Ж 





R1 ЗЕЕ PCR 5% 
Table 1 qPCR primer 





ЖЕ TET S14 (57-37) BAS -3") 
Gene Forward primer Reverse primer 
ОВРІ СТСАСССААСАТСААСТСССА АСССААСАСАСАТААСАСАТСАС 
OBP2 CCTGCTGCAATGCGTCTATC TGAGCCAGACACTGCTGAAC 
OBP3 AACGGCGGCTTGTTTTAAGG TTTTCTAGCACCGCCTCGAT 
ОВРА ССАСАССССТССААТТСАСТ ACACTTGAGCTTTCCGTCGT 
OBPS TGCATGGGTGCAGTTGGTAA TGCTGGGGCAGTTCAAGAAA 
OBP6 GCACCTTGTTTCCTCGCTTG TAGCCAGTTCCACTGCGTTT 
ОВРТ CAACGAGTGTGTCGGCAAAAC АССТСАТССАСААСАТТСССТ 
OBP8 TACGCAATGACGAGACAGCA ACACTGCACGTTACGATCTTCT 
OBP9 GACAGCTTTTTGTGACGCGA CGTCGGTTTTTGGTTGACAGG 
OBP10 GCTCTCGCCGTAATGAAGGA TTTCATCGGCCAAATCGCAC 
OBP\1 GCAGCTAAGAAGGCCGGAAA TCGTCAGATGTCCAACCCATT 
OBPI2 TTGCCAAAACGAGTGGTGC TGCACTCGTCCGCTTCATTT 
ОВРІЗ GCGAAAAAGGGTTTGAGGCA ССССССАСТТТААТТССТСС 
ОВРІ4 СТТСАССТСАТСТАТССССС СССАТТТСССАААССАСТАТСА 
OBP15 GCCGTCATTGTCGTGGTTTG GAGAGTCGCCTTTTCTGGGG 
ОВРІ6 TGGCTCTCAAAGTAGCGGAC CTGATCCCACGTCAGTTCCA 
ОВР17 ТССАСТСТСАСССААСТТСТ ТТССССТСАСАААССАСАСА 
ОВР18 САТСССТССССАСАСАСТТ СААААТТССССТСССТТССТ 
ОВР19 СТАААСССССССАССАААТС АССААТСССТТССТТССТСА 
ОВР20 АСТССССАТССССТТСТТАС ССССТТТСАСАТТТАТССССС 
ОВР21 ACCGACGTGAAAGACGTAGA TCATAGCCCCGGTCACACTT 
OBP22 ACGGTGATTGTGAGTTCGCT TATCCCTCGTCAAACCGTCG 
OBP23 CGCTCAAGGGCATGAATGTT ACAGTACAGGACGTAGCGACT 
OBP24 CAGTTGACGGGTGTCTGGAA ACTCAGCGTTTTCGGCTACT 
OBP25 CGTGACCAGTCCGTTTTGGA GCCGTCGAGCAAGTAAGGAA 
OBP26 GTGCATGAGCCGGTACTTCA ATCTGGTGAGCCAACACCTC 
B-actin GGGTATGGAATCTTGCGGTATC TGTTGGCGTACAGGTCTTTC 


2 AR 


21 ЖЖ DU pk rh fü ВЕНН FR ZR 
ЖИ Humina WFF АЕ AK 27 388 МЇ pü rf 


foh fa perez VETT IU FP Ba RE Е ЖАНУ 6. 31 Gb 
е Л Жж GC AEE 43. 65% ~ 47. 3296 Z 
Ho ENER 030 К 87.28% (#2). 

FH Trinity x (EEA БЕ Ze , FEAR AG 113 958 
AAR RAS №О RIPE BE SP AIA 3 004 bp ЯП 1 631 
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A2 BRR HAL rh t fa e S< ZR UU Fe SLE VE Zi T 


Table 2 Summary of sequencing data of antennal transcriptome of Corythucha ciliata adults 








ЖЕ 20-5 ЕВ Reads Ж НІЛІІЕ Reads Ж TK, (Gb) GC Q30 
Sample no. Number of raw reads Number of clean reads Size of clean bases (%) (96) 
21 22 081 035 21 838 144 6.53 46.07 88.11 
92 25 065 669 24 792 453 7.42 44.56 88.39 
93 21 850 418 21 555 437 6.45 43. 69 88.31 
81 21 365 512 21 100 580 6.31 43.65 87.42 
82 22 947 006 22 719 831 6.79 45.27 87.28 
83 24 885 020 24 656 078 7.37 47.32 88.64 


Q30: МЕ S30 AY gir НІН ТЕ Percentages of bases with the quality value 230. 


bpo XJ ae À dt — AG £H 527 Br, AR 5 65 943 Ж 
unigenes , N50 403-35] BE Жу 1 809 bp ЯП 1 036 
bp. # 3A K EA) Ж, KF 1 000 bp K 
unigenes 7Ң 19 408 Ж,Б unigenes HJ 29.43% , 
2.2 RRA UM ОВР EASE 

Ж] oh жї? À 77 388 Eod E d E fih fA oe 2H B 
BlastX Ho Apr, EAE aE h 26 4+ ОВР JET , KU BK 
ti ОХ CalOBPl - 26, GenBank 2 3 5 2 
MG820708 - MG820733, CcilOBPs 2 XE Bë JF 9] ZE 
100 ~ 199 aa Z|], 11.47 ~ 22.21 kD; fii ДК 
ti WW m as, CcilOBP1, CcilOBP10, CcilOBP12, 
CcilOBP16 #1 CcilOBP23 JC fa = ЛК, RE: th CcilOBPs 
HESAR 3). ЖОПЕ A aN 15 4° CeilOBPs 
FER (CcilOBP2, 6, 9-13, 16-17, 19 -23, 26) 5 
Heft Eb t p] Ж Fr 9) — Sic PE ЕН ( > 5096) , ЕВ 
CcilOBP23 Еул; £ Ж Danaus plexippus OBP1 P $I] — 
Siti (76%), URN CcilOBP2 М/Н ЕНІ 
ОВРІ ( J 9i — BC ФЕЈ 7496) , ЖИХАД, 
CcilOBP22 Ej vb Ж AX ШҚ Eogystia hippophaecolus 
ОВРІ (73% ) ,CcilOBP11 Ж CcilOBP20 25-51] 535086 
Argyresthia conjugella ОВРА/5 (71% ) , VA & CcilOBP16 
ЮК Pieris rapae OBP72-like(71% ) (23), 
ir x Ak ë PF. Y Iz, x CÉ 1) E 3,26 + 
CcilOBPs 4) PI 2 HY, CcilOBP1 — 24 JF Classic 
ОВР», FF IZ PA 6 TEASE Cys ЖЕ, SEIS A 
3E % Н Classic OBPs # X “ CI-X, ,-C2-X,-C3- 
X46 ag CA-X4 ,4-C5-X,-C6" (Ха et al., 2009); 
CcilOBP25/26 |8-Ғ Plus-C OBPs , РАН ҰЯ 
6 RSF Cys К, LE 13 4" Cys (ASP LEA (С4а, Сба 
fll C6b) JF C6 JA KIZA 1 MESTRA) 726, 
ЖА FF“ Cl-Xg 4-C2-X,-C3-X4, 4-CA-X,4 ,-САа- 
X,-C5-X,-C6-P-X, ,,-C6a-X, ,,-C6b" (Zhou, 2010) , 








































































































2.3 Eit Hi OBP #107747 
iD RS Ж 7 38 CcilOBPs 55 Hift 8 fb 
E AKIFA H Eb d, ( 2 EL LEER ELE 5 И S 
IE Op ДЇ BE. Ra "I Aphis gossypii, Ж) 4j AR JA M 
Daktulosphaira vitifoliae Ж © Nilaparvata lugens ЖІ 
E KA Sogatella furcifera) 35 164 4- OBPs AHEM 
FEAST BUE SE TTC 2) s ve aT 3 17 
Ж ,CcilOBP25/26 5j Н НЕ, ñ 40 4- Plus-C 
OBPs RÆ — x, CcilOBP1 - 24 ВТЕ H fib pj 
ITXE ,CcilOBPs НЕН ЕҢ ОВР» |9] PE 
BE, X š8 4} CcilOBPs Ж rp dg — 1 2r x E, OM 
CcilOBP1/14 , CcilOBP3/4, CcilOBP5/20, CcilOBP8/ 
10, CcilOBP11/19/16/23, CcilOBP12/13/15/22, 3€ 
BAC HE CeilOBPs n] fie Ze I 22 AN 7 38 Pl К АЛЕ Ж 
„УЗ RE I IE ri ЖЕЕ Пу URE ИТ 
THX. 
24 BERHANE OBP HARLEAN 
TERIS KO 388 PO EE ЕЛИ E fg 8 r, СейОВР10 
All CcilOBP6 Ф ME TE pR. E fh f P ЕРКМ (CX + 
1 000, CcilOBP3/18/21/25/26 FPKM {#1 F 100 ~ 
1 000, E: fi CcilOBPs Wj FPKM fi £z fi (36 4); 
CcilOBP5/10/21/24 Tr METER fü ЖІН AS B 
WOE PCR fri 3, TE JE EY 26 4 OBP Ж 
KA, A 11 4+ OBP 3EDS TENERE fh fg rh 3k st 26 FE 
mE, НА 9 ^ ОВР ЖЗ ( CcilOBPS/6/9/10/17/ 
18/21/24/25 ) ХЕ ҖЕ E Йй ЙН P E m ARA VU 2 1° 
ОВР Ж ( CcilOBP14/16 ) ТЕ TE fe fg vp w E Ps x 
ik (RE 4). 
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Lygus lineolaris, KF240758. CcilOBP1 -24 fij Classic OBPs, 
All P font I Er 5 100% ЯП S75 % — S PE BJ ECKE Е 90 ЗІНІ 
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Amino acid sequence alignment of OBPs from Corythucha ciliata and other insects 
OBPs ЖАРУ GenBank Ж 3i Origin species of OBPs and their GenBank accession numbers; AlinOBP7: ЕН 
GQ477028 ; AlucOBP20; ЯҒНИ Apolygus lucorum , КТ281928; AsutOBP32 ; rH 
CcilOBP25/26 


Ei Adelphocoris lineolantus , 
HR Pi B Adelphocoris suturalis, KT347581; LlinOBP21 ; ЕЕЕ 


m T Plus-C ОВРв, (ЧЕ DES f is RUNG VU а 91H] СІ - C6 
(4, 2 (кл CeilOBPI — 24 belong to Classic OBPs and CcilOBP25/26 






































belong to Plus-C OBPs. Conserved cysteine and proline sites are labeled with C1 — C6 and P above the sequence, respectively; blue and red shades denote 


the amino acid sequence with the identity of 100% and 275% , respectively. 


PAR А ERAS r 388 р i EE pR fh FA ETT PE 39 28 WI 
FF Hd ОВР» Fei rp DR SY 2E D ЗА Е ДЕНЕДЕ, FF 
GAME A ОВР» Fe Fi DEFT ШЗ, SEE aE Hi 26 7 
ОВР» SEA, #2 Нат, 17 20 2 H НУ) 
ОВР» SPA 455 2] дЕ, K Z Е ЕР. ЭИ 
БШ KAREK ЕТ, ЕМІНЕН 4 CFG Ж 
AJ o] it pu tH fh fA ЖЕ ore LU Fs ДЕ Ft Dei М 
З H EE HR OBPs ЖЕСТ ЕЖ BEES. 5 
ХОН EL АУ OBPs # (40 ~ 60) 19 EG, `e 21 H 
ЕШ ОВР» ZR EID А Vieira and Rozas, 2011), 
ШЕН, ЕН Н.Н, К LG Halyomorpha 
picus, /|N K Ë Nysius Du rp EBA, We ug 
Acyrthosiphon pisum , Fi f& НЕН EUH EK HE WE HS. KE 
HE KA ОН 29 8 Pi W ЛШ, дд КЕ Zç W Riptortus 
pedestris Vf] 4) HR ed ЗЯ HP or 9] ЖЕЛЕ $| 38, 32, 30, 
28, 16, 15, 14, 10, 10, 12, 9, 9, 6 ffl 6 Ж) OBPs 
(Zhou JJ et al., 2010; Gu et al., 2013; He and Не, 

















2014; Hull et al., 2014; Zhou SS et al., 2014; Yuan 
ei al., 2015; Cui et al., 2016; Paula et al., 2016; 
Zhang et al., 2016; Liu et al., 2017; ЖА ЈЕ 3, 
2017; Wang et al., 2017; Zhao et al., 2017). OBP 
ЖЕР A e yr fp ft rh Pes , [Н ТЕН [Ш.Н AS ox 2H 2H 
2. ЖІП > ОВР SEAL ЗӘА, АКО 
Rc fib, ш AS ER 2H 2 rh n] ЙЕ £f ТЕ ЖЕДЕ ЕУ 
ч жи. 23 Ж}, BE D o КЕЙЖ РЕ 53 7 AS [Н] 09 WI 
ЖЕЖ ОВР FEDS IS ЭШАН Ж ПИ, k IS РЕ PUER AE 
(expressed sequence tags, ESTs ) AY) PR iil] th, Z 5r $i — 
ШЕ ОВР SEA A ERK MAY 2 Hi (Gu et al., 2011) „ 
ЖЕН BUA ЖЕЕ, AAS Лс 7 OBPs 
4] 2J Classic OBPs( CcilOBP1 - 24) #ll Plus-C OBPs 
( CcilOBP25/26) WIZE, 12 i Ж H Eb Hp 
ЖЕЗ Minus-C OBPs, Minus-C OBPs H НДЕ J 
HEN i HY BA, Im Classic OBPs #1 Plus-C OBPs 
Ж WEE FBO HEC REIP, Eb He ОВР AED |в) 
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82 ee RATE У FCR EH H Eb. 164 PARESE НІМЕН 
Fig. 2 Phylogenetic relationship of 164 odorant binding proteins ( OBPs) from Corythucha ciliata and other hemipteran species 
OBPs ЖАР Ж Origin species of ОВР»: JE £* Ж 77 АЖ Corythucha ciliata ( CcilOBP ) ( ЖӨЖ Marked in red); Z& Bi $Ë Apolygus lucorum 














( AlucOBP) ; Ë 


























ДЕНІ Adelphocoris lineolatus ( AlinOBP) ; rp A Ej f Adelphocoris suturalis ( AsutOBP) ; X EPOE Bi É Lygus lineolaris ( LlinOBP) ; 


Rü! Aphis gossypii ( АвоѕОВР ) ; Ж] & AR JE) 19 Daktulosphaira vitifoliae ( DvitOBP) ; #3 Kl Nilaparvata lugens ( NIugOBP) ; [13$ KA Sogatella 


furcifera (SfurOBP). W 














XA Plus-C RIRS ЕН. EH MEGA7. 0 ЖЕМІ ТІ, Bootstrap (8127 1 000. The region in blue color is 


Plus-C OBPs. The NJ phylogenetic tree was constructed using MEGA 7.0, and the bootstrap value was set to 1 000. 


THESE] Cys ИТА И, A BJ FERE 
ZI) ЕЕЕ Н НО а= [Н] 252 , A I PA 15 
Ray kp PEAR I] ( Vieira and Rozas, 2011), Xf 
ЭН НИН eS ee Т ЕР A PL 
ЛЇЇ BR, RHE SEB ТАЙТ PBPs BK СОВР» НУ THE 
ИЛЧЕ , А, А] ЖҮ? ЖС Лу ро Classic ОВР» Ж 
PERITE 9—22 225, TET 2388 H EG HR t: ЛП 
ОВР» fj TF, Plus-C OBPs ІҢ д, ОВР» HE | 32 (& 
(37.50% LAF). ЖН Plus-C ОВР» І 9 ТЕП 2H 
235 МҚ (Zhou et al., 2004; Pelletier and 
Leal, 2011) , ЖІП, Æ 49$ À Jr 88 [ed р] 4 Plus-C 
OBPs ZEP] ( CcilOBP25/26 ) ZE fih ft P HIRI E E 8 
Ші, DHE 4 RSS 6 MCR 4) Я: TEA 
БЕ, an Sic fs PE Culex quinquefasciatus НУ) 
Plus-C CquiOBP + СІ Ж fr fih fg F de ik t HES 4 
(Pelletier and Leal, 2011) , XJ EE NE. Tz 0 Anopheles 


gambiae "В Plus-C Agam48 ТЕҢ E fih fg rH Ж 2 Eg K 
3^ ( Biessmann et al., 2005), ЖЕ: À 75 |М 
PAS Plus-C OBPs Ж ( CeilOBP25/26 ) n] fg EL IR 
ӘЛІНЕ, eia BEA YA ME o 

ЖЖМ 8 ЕНЕ dE 164 + 
OBPs (М ABCA A ТУТАН AR eH, KABA CcilOBP Ж 
ЖОНУ, ИП СеЙОВР11/19/16/23, 
CcilOBP12/13/15/22 X&1E— Ж АН Ж 5 KO 388 [|] 
i ОВР» ЖИ, о 25 FE AIS F5 2Ë п| 
fie SIA НЕ ЕН Bk AAR, 3F Ej НЕ 
EE ARAB. WALA СОВР ЯН 
fl 2E Н EL ОВР Ж pq dé ri A |9 YE SETA, Un 
CcilOBP6 Ej АшсОВР5 #1 LlinOBP30 38 4 Е — $. 
ЖОРА HEH, A EC FR] URL PETI RP OBP AE DS] ШП 
ЖӘНЕН, CUL BEER o БП, 5 АТУ 
9 У OBPLO MEMEA PRIK , de bf ИИК np d 
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34 qPCR 1$ ШІМ ЖАЯ ОВР КЕШЕНІ ЕЛНАЗ 
Table 4 Relative expression levels of OBP genes in male and female antennae of Corythucha ciliata adults deteted by qPCR 











ЕЗ FPKM fi FPKM value РН ЖАЗА Relative expression level P f 

Gene 9 á P-value 9 á P-value 
CcilOBP1 0.28 +0. 15 0. 16 +0. 09 0.516 5.69 +0.90 4.21 +1.75 0.493 
CcilOBP2 3.55 +1.14 3.44 +0.59 0.934 33.85 +6.38 30. 34 +4.73 0.681 
CcilOBP3 98.64 +45.25 133.62 +16. 62 0. 508 324. 89 + 60.75 379.06 + 146. 57 0. 750 
CcilOBP4 2.54 +0. 45 2.72 +0. 55 0.819 14.18 +1. 59 14.88 +0. 89 0.720 
СейОВР5 3.45 x0. 93 69.34 +10. 30 0. 003 4.13 x1.67 20.99 +1.16 0.001 
CcilOBP6 705.49 +206. 82 1 238.29 +234. 67 0. 164 262.53 +6.70 520. 48 +89. 08 0. 045 
CcilOBP7 0.25 +0.15 0.45 «0.14 0.374 6.25 «2.00 7.32 «2.24 0.741 
CcilOBP8 0.21 +0.04 1.06 +0. 39 0. 095 16.65 «2.63 23.00 +2.82 0.175 
CcilOBP9 0.17 +0. 10 0.55 +0. 20 0. 164 21.53 +2.77 103. 13 +5. 06 0. 000 
CcilOBP10 253.58 +81. 37 1 346.23 +206. 76 0. 008 2.64 +0.33 177.88 +4.79 0. 000 
CcilOBP11 0.24 +0. 13 0.31 +0.17 0.758 9.21 +1.49 14.74 +2.44 0. 125 
CcilOBP12 1.05 +0. 08 0.99 +0. 16 0.758 30. 18 +2.78 22.14 +1.90 0.075 
CcilOBP13 4.58 +0.81 3.77 +0.34 0. 408 32.25 «2.25 28.72 +5.80 0. 600 
CcilOBP14 0.77 +0.59 0.38 +0. 02 0.539 59.54 +3. 63 20.43 +2.85 0.001 
CcilOBP15 5.04 +0.74 4.71 +0.70 0. 760 6.80 +1.43 6.17 +2.10 0.817 
CcilOBP16 0.47 +0. 19 0.22 +0. 07 0.274 25.33 +2.03 9.89 +1.10 0.002 
CcilOBP17 2.79 +0. 38 5.07 +1.16 0. 136 0.87 +0. 09 25.67 +2.04 0.048 
CcilOBP18 61.78 +9.74 275.00 +82. 98 0. 063 97.97 +2.93 314.99 +71. 43 0. 039 
CcilOBP19 1.11 +0. 05 0.96 +0. 37 0.708 10.73 +2.45 10. 10 +2. 40 0. 863 
CcilOBP20 2.05 +0.51 1.96 +0. 39 0. 891 22.06 +2.72 20.49 +2.70 0. 703 
CcilOBP21 86.23 +21. 48 593. 57 +106. 43 0.009 19.18 +3.31 95.00 +2. 52 0.000 
CcilOBP22 11.08 +2.01 11.58 +0. 88 0. 830 3.53 +0. 22 4.32 +0. 88 0. 436 
CcilOBP23 0.31 £0.18 0.12 +0. 12 0.417 5.88 +2.51 8.73 +1.53 0.387 
CcilOBP24 1.51 +0.45 73.23 +18. 18 0.017 6.69 +1. 44 15.11 +1.88 0. 024 
CcilOBP25 216. 18 +65. 56 481.96 +117.81 0. 120 72.74 +3.25 192.22 +3. 86 0. 000 
CcilOBP26 156.44 + 51.86 151.42 +20. 39 0.933 1 430.23 + 110.63 1 324.80 + 87.71 0. 497 


ЕЕ Н] ЖЕЕ 3S E28 e W LSD 487%, Р <0.05) Л 








test, Р<0.05) is shown іп bold. 


ARK, АЖАН) 92) 86, Z 1 3e 3⁄0 p= BB ШОЙ! 
1-dodecene (Sun et al., 2012), ЖЕР, 5 B 
FAHER OBP ЖЛЕ ЖИН CeilOBPs , WFR 
НИ Bea, ЛЕН] ЫГА] E ГАН НЙ 
FAAS D RE ты 2 EA TE o 

Ж АДА А А nj DM zs ЖЕТА ТЕНЕ ФЕ Л] 
BE ( Hull et al., 2014), FPKM fiir fI n] EA 2 RE HH 
AE cDNA c PE rp d RE. ЖЕН, 
ФҚ OBP ХЛЕБ deas, ig 21 + SS Et 
з Ef ОВР 204,12 ABI Pi OBP SES Ati 
EF OBP SEDI ,6 4-15 Kl OBP ZEA FA 3 ӘНГЕ 
OBP ЕРЕН Eg ç Xs (Gu et al., 2011, 
2013; He and He, 2014; Hull et al., 2014; Zhou et 
al., 2014); ЕЕ PS ACTS A s pR ria fp fj ОВР ЖА 
FH UE 7 ¿` CcilOBPs BJ FPKM fii > 100 (3€ 4) , xut 



































HATH PRSE bz. Significant difference in gene expression levels between male and female (LSD 


Tf fa reg IAW ОВР Ж пу BGM GA. UK 
УК, CcilOBPs ЖА k ik Ti че BH — XE BJ PE | u ЕР, 
Ж Ж CallOBPs SEDE EYE fi ЗА, ЕН 
9 4- ОВР ЖЕ ( CcilOBP5/6/9/10/17/18/21/24/25 ) 
ТЕДЕН ff PS Pa S , k n] fe ЕЛБЕ EUST fi PA 
RADII AA X< BORK EBSD ОВР» ff fE EG tE fih 
fg rh, vk TR VE ñH fg ЖЕН ( antennal-specific 
protein, LAP) (Dickens et al., 1995) (Н/Е, ofc je 
2210 ОВР» qi PATE НАН ER rp ШЗ RIK , CS. 
As. AE ‚ЯЙ RAI DERE SA (Gu et al., 2011; He and 
Не, 2014; Hull et al., 2014) , EAMES E 2H 2H 
ТІНЕН A Te] EY ІНЕ AE SE AC À р 
ОВР Ж НВ R HP BJ А SH ВЕ r BE 0-2 
WIE o 

Ж? ЖОО DD JN. Boo phinay EFA 
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FUE А ЖИН Эр ле ЗА АСАУ, 
ХИ ЕН ЖИН OPE EF, AGAT HE HB f fl 
BJ OBP ЖАЗЕЛ IR HITE aH Н Ж, ТТЕ fir 
fa pres dA HY OBP AED] п] HESS 5 VU) ЗЕ Ж 
ЖОНУ PE AC TE] IR SERE EE [u А Е NTH Br ЖЕ 
VEHI, PING, ЛАТУ ЕАО [М] ПЯ EUR B] 
4) T Bla] ЖЕЛАЛ PERS BE Hu TON VATES GRUT 
ТЕРЕН нн. УЬ, SESS ZI IEEE ae H 
207, HEUS RME Z F. RE n ЖӘЕ, BE ТЕМ 
В И, у E a bil k rl He HEE Z Pl. 
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